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Abstract 
The islands of remote Polynesia contain ant faunas that have been largely introduced 
anthropogenically. I employed nonmetric multidimensional scaling ordination analyses to 
evaluate patterns of ant species assembly on 42 islands across remote Polynesia. Islands in the 
Hawaiian archipelago were distinctly separate from more southerly islands. High islands were 
distinctly separate from atolls and low-lying islands. Small islets on the barrier reefs of high 
islands were more similar to distant atolls than the nearby high islands. Latitude and elevation 
were most strongly correlated with ordination axes; area and longitude were weakly correlated 
with ordination axes. The patterns are consistent with human-assisted dispersal through long-
distance shipping as a primary vector of colonization, and with a greater diversity of habitat 
types with increasing island elevation. Similar results were obtained when a subset of 19 islands 
that had been more thoroughly surveyed was analyzed. I also examined patterns in species 
composition among communities (within islands) on three French Polynesian islands (Bora Bora, 
Huahine and Moorea). On all three islands, sites grouped together distinctly in ordination space 
as a function of the dominant ant species. A substantial number of species pairs co-occurred less 
frequently than predicted by chance. Although interspecific competition appears to be important 
in structuring ant communities within islands, habitat affinities probably also play a role. 
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Introduction 

The islands of remote Polynesia (east of Rotuma, Samoa and Tonga) support ant faunas 

that have been largely introduced by humans. Because of the great distances separating the 

islands from each other and the mainland, natural colonization has apparently occurred only 

rarely. Wilson and Taylor (1967b) concluded that remote Polynesian islands may have no truly 

native species, and that all species present today could represent anthropogenic introductions. 

Although most species were probably introduced since European discovery, Wilson and Taylor 

(1967a) allowed that some may have stowed away in the voyages of the ancient Polynesians. 

 A number of ant species (~30) exhibit more or less continuous distributions from the 

Indo-Australian mainland across the Pacific into remote Polynesia (Wilson and Taylor 1967a). 

Such a distribution pattern is suggestive of natural dispersal across the Pacific, and many of these 

species are considered to be native to the western Pacific. Whether any of these species are 

native to remote Polynesia remains an open question, although two lines of evidence suggest 

most are relatively recent introductions. First, many of these wide ranging native species are 

known to be spread by human commerce (e.g., Ward et al. 2006). Second, the endemism that is 

found in more western archipelagoes with native ants (e.g., Fiji; Economo and Sarnat 2012) is 

not found in remote Polynesia.  

On the other hand, recent sediment core analyses from Rano Kau on Easter Island 

identified the remains of two ant species that were dated at over 2,500 years old (Horrocks et al. 

2013), much earlier than the generally accepted period of human settlement of remote Polynesia. 

Additional sediment core evidence from the Austral Islands suggests the existence of several 

native species and a wide range of species introduced by the ancient Polynesians (N. Porch, 

unpublished data). A few ant species are known only from remote Polynesia, and may represent 

true endemics (e.g., Ponera bableti, Strumigenys insula, Strumigenys mumfordi), although the 
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possibility remains that at least some of these may yet be synonymized or discovered elsewhere. 

Thus it appears that a relatively small number of ant species may have naturally colonized some 

Polynesian islands, and a small amount of speciation may have occurred. 

The majority of ants present in remote Polynesia today, however, represent tramp species 

introduced from around the world. This scenario represents a type of large-scale, inadvertent 

introduction experiment, in which various ant species have been spread across a vast area of the 

Pacific. Once the dispersal barrier has been broken, other factors may determine whether a given 

ant species can exist on an island, such as available habitat and competitive interactions with 

other species already present (particularly other ants). 

After the first compilation of Polynesian ant species revealed remote Polynesian islands 

to be relatively depauperate (Wilson and Taylor 1967a), it was hypothesized that strong 

interspecific competition resulted in exclusions of numerous species pairs from islands (Wilson 

and Taylor 1967b). Yet subsequent, more thorough surveys have found many more ant species to 

actually exist on the islands (Perrault 1988, 1993, Morrison 1996a, 1997, Krushelnycky et al. 

2005, Abbott et al. 2006, Wetterer 2006, Handler et al. 2007), and provided little evidence for 

mutually exclusive distributions of ant species among islands (Morrison 1996b, Lester et al. 

2009). In fact, ant species distributions on remote Polynesian islands are strongly nested, with 

the species present at species-poor sites representing subsets of the species present at species-rich 

sites (Morrison 2008). Thus, given that competition appears to be unimportant in determining 

species compositions among islands, what mechanisms are important? 

 Few studies have addressed distribution patterns of Polynesian ants across remote 

Polynesia. This may be in large part because records are incomplete for many islands (Morrison 

1996a). A relatively large number of islands, however, have been collected thoroughly enough so 

that the more generalized patterns may be elucidated.  
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Here I focus on the distribution patterns of Polynesian ants among—and to a more 

limited extent, within islands—using nonmetric multidimensional scaling techniques. These 

analyses go beyond the Morrison (2008) study, which focused exclusively on patterns of 

nestedness among islands, and evaluate patterns in species composition both within and among 

islands, and the potential underlying mechanisms. The following questions are posed: (1) What 

patterns exist in the distribution of ant species across Polynesian islands?  (2) How important are 

dominant ants to the distribution of species within Polynesian islands? and (3) What underlying 

mechanisms may explain these patterns? 

 

Materials and Methods 

Ant species records 

Among island distributions 

Species lists for the majority of islands considered here were obtained from Morrison (2008). 

Additional, more recent records for some of the Hawaiian islands were obtained from Starr and 

Starr (2011, 2012). A few other Polynesian islands with relatively thorough ant collections were 

also included in the analyses: Palmyra in the Northern Line Islands (Handler et al. 2007), 

Nukunonu in the Tokelau Archipelago (Abbott et al. 2006), and Niue (Wetterer 2006). Finally, a 

few additional islands that have not been as thoroughly collected were included to encompass 

more of the geographical extent of Polynesia: Atafu and Fakaofo in the Tokelau Archipelago 

(Abbott et al. 2006), and Pitcairn, Ducie and Easter Island (Morrison 1997). 

Because the relative thoroughness of the surveys of the different islands has varied, 

separate analyses were conducted for islands that have been relatively more thoroughly surveyed 

(n = 19) and the larger set of all islands (n = 42). I consider islands in the former group to be 

those that have been surveyed over periods of months or years, often by multiple collectors and 



5 
 

with evidence of broad spatial coverage. I consider islands that have been surveyed over periods 

of hours or days, usually by only a single collector and with limited spatial coverage to be not 

thoroughly surveyed. A list of all islands included in the analyses and their major characteristics 

of interest are in Table 1. A map of all islands included in the analyses is presented in Figure 1. 

The same remedies for various taxonomic problems applied in Morrison (2008) were also 

applied here. For example, Seifert (2003) revised the Cardiocondyla species groups and changed 

the identities of Cardiocondyla species from Polynesia. Not all Cardiocondyla material from 

Polynesia was examined, however. Thus it is not possible to determine with certainty the 

distributions of species now known and described. Furthermore, distributional records for French 

Polynesia and Hawaii are all based on species concepts prior to Seifert’s revisions. Thus, I used 

the species concepts in place before Seifert’s revision. Additionally, in some records, a few 

specimens were not identified to species. Considering these records as distinct species could 

artificially increase species richness. Thus these forms (seven Ponerines, a Monomorium sp., a 

Strumigenys sp., a Solenopsis sp., and two Brachymyrmex spp.) were not included in the 

analyses. 

 

Within island distributions 

To evaluate how species compositions vary within islands, I used collection records for the 

Society Islands of Moorea, Bora Bora, and Huahine, surveyed by Morrison (1996a). Collection 

records exist for 153 sites on Moorea, 29 on Huahine, and 26 on Bora Bora. Hand collecting was 

employed at sites that were approximately 300 m2 in area. Between 60 to 90 minutes were spent 

at each site. Sites were chosen to be representative of all the major habitat types, and spread out 

over the island as uniformly as the terrain permitted (maps of collection locations are in 

Morrison 1995). Collections were made on Moorea in 1991 and 1992 and on Bora Bora and 
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Huahine in 1992. Three species—Solenopsis geminata (Fabricius), Pheidole fervens Fr. Smith, 

and Pheidole oceanica Mayr—were determined to be both numerically and behaviorally 

dominant, based on recruitment to, and interspecific interactions at baits. For more detailed 

information see Morrison (1996a). 

 

Statistical analyses 

Ordination analyses 

For all analyses, presence-absence matrices were constructed. Nonmetric multidimensional 

scaling (NMS; Kruskal 1964, Mather 1976) was used to evaluate patterns in the presence-

absence data. NMS is an ordination technique that orders sample units in ordination space so that 

their interpoint distances reflect the redundant pattern of covariation in the original data (Peck 

2010). An important advantage of NMS over other ordination approaches is that in using NMS 

one is able to avoid assumptions such as linearity that are rarely met with community data 

(McCune and Grace 2002). 

PC-ORD (version 6.0; McCune and Grace 2002, Peck 2010) was employed to obtain the 

NMS solutions. Preliminary solutions were obtained using autopilot mode, on the “slow and 

thorough” setting. This procedure was run at least three times for each data set, to determine the 

appropriate dimensionality and evaluate the consistency of results, as recommended by Peck 

(2010). These runs always produced consistent results and the same dimensionality, for each data 

set. The final NMS run for each data set employed the Sorenson distance measure and 250 runs 

with real data, at the dimensionality determined by the autopilot setting. The option to 

automatically rotate the axes to orthogonal principal axes was selected; this eigenanalysis 

procedure is a rigid rotation designed to make the axes independent of each other (Peck 2010). 
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In the investigation of patterns among islands, four island attributes were evaluated: 

island area, elevation, latitude and longitude. Correlation coefficients of the island attributes with 

ordination axes were calculated for each data set, and attribute vectors were overlaid on the 

ordination graphs, producing joint plots. The squared correlation coefficients (i.e., coefficients of 

determination) express the amount of variation in position along an axis that is explained by a 

given island attribute. A correlation coefficient of 0.5 was set as the threshold for inclusion of 

attribute vectors on the joint plots. Such correlations should primarily be used for descriptive 

purposes, and the use of P-values is discouraged in such cases because of lack of independence 

of ordination scores, and the effect of sample size on P-values (McCune and Grace 2002). 

Nevertheless, a correlation coefficient of 0.5 corresponds to a P-value of between 0.03 and 

0.001—depending on the sample size of the dataset—and represents a range of significance 

values that most ecologists would accept as indicating a biologically important effect, perhaps 

making some adjustment for the multiple comparisons inherent in such an analysis. In the 

investigation of patterns within islands, sites were labeled according to the dominant species 

present, and analyses focused on patterns in relation to the dominant ant species. 

 

Co-occurrence analyses 

To more formally test for nonrandom patterns of species co-occurrence within islands, I 

employed Stone and Robert’s (1990) checkerboard score (C-score). This statistic is based on 

Diamond’s (1975) notion of checkerboard distributions. Originally developed as an indicator of 

interspecific competition, the score simply indicates whether a substantial number of species 

pairs co-occur more or less often than predicted by chance. To determine statistical significance, 

1,000 random data matrices were generated and compared to the observed data matrix. In 

generating such random matrices, different null models may be used, and here I employed the 
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null model with fixed row and fixed column sums, as suggested by Gotelli (2000). C-scores were 

generated and compared to null models for the islands of Bora Bora, Huahine, and Moorea. 

NODF—a Fortran program (Almeida-Neto and Ulrich 2011)—was used to calculate C-scores. 

 

Results 

A total of 68 species were included in the analyses. All 68 species were represented in both the 

relatively more thoroughly surveyed subset (n = 19 islands) and the larger set of all islands (n = 

42). Species richnesses were clearly higher on the more thoroughly surveyed islands, as a 

function of either island area or elevation (Figure 2). The only obvious exceptions to this pattern 

were Fangataufa and Palmyra, two atolls that had relatively few species as a function of area, but 

not as a function of elevation. The island of Lanai was relatively depauperate compared to the 

other thoroughly surveyed islands as a function of both area and elevation. This could be due to 

less sampling effort, or to its unique history as an island-wide pineapple plantation. 

 

Ordination diagnostics 

Stress scores ranged from 7 to 11 for all ordinations except for sites within the island of Moorea 

(Table 2). Based on the “rules of thumb” by Kruskal (1964) and Clarke (1993), these scores are 

in the good to fair range, with little risk of drawing false inferences (multiplying Clarke’s rule by 

100 to make it comparable with Kruskal and PC-ORD). The stress score for sites within the 

island of Moorea was almost 20. This is rated as poor (Kruskal 1964), but may still correspond to 

a useable picture, although too much reliance should not be placed on the details (Clarke 1993). 

Most ecological data sets have stress between 10 and 20 (McCune and Grace 2002). Instabilities 

for all data sets were <0.00001(Table 2). 
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Distribution patterns among islands 

For all Polynesian islands, a 3-dimensional solution was selected (Table 2). Considering the first 

two dimensions, latitude was most strongly correlated with the first axis (r = 0.627), and 

elevation was most strongly correlated with the second (r = - 0.575) (Table 3). The more 

northerly islands (i.e., the Hawaiian Islands) occupy the right half of the ordination space, with 

the more southerly islands on the left side (Figure 3). The higher islands are found in the bottom 

of the ordination space, and the more low-lying islands are found in the top. The main (high) 

Hawaiian Islands are grouped together on the lower right of the ordination space (tightly grouped 

if the smaller Niihau is excluded), while the main (high) Society Islands group tightly together in 

the lower left. The Northwestern Hawaiian Islands group together in the upper right of the 

ordination space, and the atolls group together in the upper left. The Society reef islets group 

together more tightly within the ordination space occupied by the atolls. 

Similar patterns were present in a plot of the first and third axes (not shown here), 

although not as much separation among the different island groups was obvious. None of the 

evaluated island attributes was strongly correlated with the third axis (all r < 0.25), making 

interpretation of this axis more difficult. 

Considering only the more thoroughly sampled Polynesian islands, a 2-dimensional 

solution was selected (Table 2). Elevation was most strongly correlated with the first axis, and 

latitude was most strongly correlated with the second axis (Table 3). The high islands (of all 

archipelagoes) are all located in the far left of the ordination space, with the Society reef islets to 

the far right, and the atolls in the middle (Figure 4). The Society high islands form one well-

defined group, and the Hawaiian Islands form a second.  
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Distribution patterns within islands 

On Bora Bora, only two of the recognized dominant species were present. Communities 

dominated by P. fervens formed one distinct cluster in ordination space, while those dominated 

by S. geminata formed another (Figure 5). Three sites that contained both dominant species were 

positioned directly between the two larger clusters. 

On Huahine, all three recognized dominant species were present. Communities 

containing each of the three dominant species clustered together and were well separated in 

ordination space, especially when plotted against the first two axes (Figure 6). Communities 

containing two of the three dominant species were always located between the clusters 

containing the relevant dominant species when viewed relative to the first two axes. 

On Moorea, where all three dominant species were also present, a similar pattern was 

observed (Figure 7). Even though the stress score was relatively high for this ordination, the 

general pattern of sample sites grouping by dominant species was robust. 

For all three islands, C-scores were significantly higher than those predicted by the 

randomly generated data sets (Bora Bora: 3.34 compared to 3.21, P = 0.001; Huahine: 4.96 

compared to 4.47, P < 0.001; Moorea: 7.97 compared to 7. 79, P < 0.001). Thus, on all three 

islands, a substantial number of species pairs co-occurred less frequently than predicted by 

chance. 

 

Discussion    

Among island distributions 

Many of the ant species present on remote Polynesian islands are widely distributed pantropical 

tramps and most have been introduced by humans (Wilson and Taylor 1967a). Ordination 

analyses, however, revealed distinct differences in the faunae of various island groups, which 
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correlate with island elevation and latitude. Two main patterns appear in the ordination including 

all 42 islands (Figure 3): The ant fauna of the Hawaiian Islands is relatively distinct from that of 

islands in the South Pacific, and the ant species compositions of the higher islands are distinct 

from those of the lower islands. There are several notable exceptions to these general patterns, 

however, and these exceptions may provide interesting insights into Polynesian ant species 

compositions. 

The only exception to the separation of the Hawaiian Islands from the islands in the 

South Pacific is Easter Island, which is located nearest the main Hawaiian Islands in ordination 

space. Easter Island is a relatively high latitude island, located at about the same distance south 

of the equator as the Hawaiian Islands are to the north. Yet it is much smaller and lower than the 

main Hawaiian Islands, and receives much less shipping. Easter Island also contains many fewer 

recorded ant species than the Hawaiian Islands. Apparently due to its relatively more temperate 

climate, Easter Island has one ant species in common with some of the main Hawaiian islands 

that was not found on any of the other islands in the study: the Argentine ant, Linepithema 

humile (Mayr). The introduction of the Argentine ant in the 1980s apparently caused multiple 

extinctions and decreased the diversity of the ant fauna on Easter Island (Morrison 1997). The 

fact that only Easter Island and some of the main Hawaiian islands have the Argentine ant in 

common is likely responsible for the location of Easter Island on the right side of the ordination. 

Regarding the second major pattern:  The main Hawaiian islands are clearly distinct from 

the Northwestern Hawaiian Islands, and the high Society Islands are clearly distinct from the 

French Polynesian atolls and reef islets. The only exception to this pattern is, interestingly, the 

island of Niue, an isolated, raised atoll, which falls in the center of the tight high Society Islands 

cluster. Niue has 33 recorded species (Wetterer 2006) a similar species richness to that of the 

high Society Islands, and has many species in common with the high Society Islands. Although 
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the elevation of Niue (68 m) is nowhere near that of the high Society Islands (727-2241 m), Niue 

is probably high enough to contain habitat types not present on true atolls. 

The observed patterns are consistent with long distance shipping as a primary vector of 

colonization. Islands with major shipping hubs (e.g., Oahu and Tahiti) have been colonized by 

tramp species from many tropical or subtropical locations worldwide. Once a species became 

established on a major shipping hub, it may have dispersed among nearby islands in the same 

archipelago relatively easily, either through localized shipping, or by mating flights of the 

reproductives, if the distances were not too great. Most of the ants on the Hawaiian Islands, for 

example, likely first colonized Oahu, and then spread to the other islands (Reimer 1994). The 

same is true for Tahiti and the high Society Islands (Perrault 1988). 

The importance of available habitat is also obvious. Higher islands have additional 

habitat types compared to lower islands, and islands at higher latitudes will differ in habitat 

compared to lower latitude islands. The southern atolls form a relatively close group in 

ordination space, despite the fact that they are spread out over a large swath of the South Pacific, 

stretching from Ducie to Atafu (which are next to each other in the graph). The atolls offer 

relatively little habitat diversity, and are apparently able to support only a subset of the ants 

known from the larger region. The small reef islets occurring on the reefs of the high Society 

Islands form an even closer group within the ordination space of the larger atolls. These reef 

islets have similar habitats to the atolls, but even less habitat diversity. The importance of habitat 

is apparent given that the ant species compositions of these small reef islets are more similar to 

that of distant atolls than to high islands just a few hundred meters away. 

It is of interest that island area was not very strongly correlated with any of the ordination 

axes. Increasing area often leads to additional habitat diversity (Williams 1964, Connor and 

McCoy 1979). Area and elevation were relatively highly intercorrelated, however (r = 0.75, P < 



13 
 

0.001, n = 42 [all islands]; r = 0.81, P < 0.001, n = 19 [thoroughly surveyed islands only], 

Pearson correlation coefficients). These results suggest that elevation was more important than 

area in determining species compositions, probably because in Polynesia more habitat diversity 

is added with increasing elevation than with increasing area. With a few exceptions, the species-

area relationship for the more thoroughly surveyed islands revealed little scatter (Figure 2). The 

two greatest outliers were both atolls (Palmyra and Fangataufa), which is consistent with the 

importance of elevation in increasing habitat diversity. These two atolls were not outliers in the 

species-elevation graph. 

The relative weak correlation of longitude with the ordination axes is consistent with 

human-assisted colonization through long-distance shipping. A strong correlation with longitude 

would be evidence for a distance decay process of natural dispersal (Nekola and White 1999). 

When only thoroughly surveyed islands (n=19) are analyzed, similar patterns are evident 

(Figure 4), and the same island attributes are strongly correlated with the ordination axes. The 

only substantial difference is that the Society reef islets no longer overlap with the larger atolls, 

but form a distinct cluster of their own. Thus, it appears that it is possible to distinguish the major 

patterns in ordination space for this system, even for data sets that are incomplete. 

 

Within island distributions 

Ordinations of sites based on the identity of the dominant species revealed highly distinct 

clusters, indicating the local ant communities were structured by the dominant species. 

Additionally, C-scores revealed that a substantial number of species pairs co-occurred less 

frequently than predicted by chance. Interspecific competition is often assumed to be the 

mechanism underlying such mutually exclusive distributions among ant species. Hölldobler and 

Wilson (1990) considered interspecific competition to be the “hallmark of ant ecology”, and in a 
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review 23 years later, Cerda et al. (2013) concluded that the evidence largely still supports this 

paradigm. 

Although two dominant species were sometimes found at the same site (Figures 5-7), 

observations of all pairs of dominant species, both in the field and in the laboratory, revealed 

strongly antagonistic behaviors (Morrison 1996b). The sample sites were ~300 m2 in area, and 

could have included non-overlapping territories of two dominant species. Thus the apparent co-

occurrence of two dominants in this case may be due to sampling across mutually exclusive 

territories rather than peaceful coexistence. 

It is likely that interspecific competition played a role in the observed patterns, but habitat 

affinities are also likely to be important. For example, S. geminata was found almost exclusively 

at disturbed sites, whereas P. oceanica was found at a significantly higher proportion of 

undisturbed sites (Morrison 1996b). Although many ants can be fairly widespread across 

Polynesian islands, most species have some documented habitat affinities that affect their 

distributions (e.g., Reimer 1994, Krushelnycky et al. 2005). 

Other studies have reported complementary results: In the Tokelau archipelago, a study 

of ant species distributions found that species at sites within islands tended to co-occur less 

frequently than expected by chance (Lester et al. 2009), and that community compositions were 

different in areas with and without the dominant A. gracilipes (Sarty et al. 2007). In a study 

conducted on small offshore islets of Oahu, Plentovich et al. (2011) found that experimentally 

removing the dominant ant species resulted in “dynamic compositional changes in the ant 

community”. Taken together, work to date indicates that Polynesian ant communities represent 

non-random assemblages that are structured by the dominant species, and that the dominant 

species are not interchangeable. 
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Conclusions  

The results of this study demonstrate that assembly of ant communities across remote Polynesian 

is not random, but largely a function of archipelago membership and island type. These patterns 

are suggestive of the importance of differential anthropogenic introduction opportunities among 

the archipelagoes, and the effect of island elevation on habitat diversity. Within islands, 

additional non-random patterns are apparent at the community level, as the dominant ant species 

appear to structure the overall species composition, producing distinct assemblages as a function 

of the dominant species present. This latter pattern was evaluated for only a few islands and 

dominant species, and should be verified on other islands and with other dominant ant species. 

Although interspecific competition is likely to be important in producing the observed patterns 

within islands, the effect of habitat affinities on ant community organization has been little 

studied and represents an opportunity for future investigation. 
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TABLE 1 
 
List of all islands included in the analyses of species assembly across Polynesia. 
_______________________________________________________________________________________________________ 

    Area Elevation No. of Island 
Island Archipelago Latitude Longitude (sq km) (m) Species Type Authority 
_______________________________________________________________________________________________________ 
Islands that have been surveyed relatively thoroughly (n=19) 

Hawaii Hawaiian  19°36'50" N 155°32'56" W 10458 4205 39 High Island 1 
Maui Hawaiian  20°47'28" N 156°17'56" W 1883 3055 35 High Island 1, 10 
Oahu Hawaiian  21°26'31" N 157°56'49" W 1545 1220 41 High Island 1 
Kauai Hawaiian  22°01'56" N 159°32'10" W 1430 1598 35 High Island 1 
Molokai Hawaiian  21°08'25" N 157°00'60" W 673 1512 30 High Island 1, 10 
Lanai Hawaiian  20°49'43" N 156°55'46" W 363 1026 23 High Island 1, 10 
Tahiti Society  17°38'26" S 149°27'27" W 1048 2241 37 High Island 2 
Moorea Society  17°31'31" S 149°50'41" W 142 1207 34 High Island 3 
Huahine Society  16°45'20" S 151°00'41" W 74.8 669 32 High Island 3 
Bora Bora Society  16°29'31" S 151°44'28" W 29.3 727 30 High Island 3 
Bora Bora  Society  16°33'12" S 151°43'59" W 0.006 1 5 Reef Islet 4 

motu  
Irioa Society  17°29'09" S 149°54'09" W 0.007 1 7 Reef Islet 4 
Ahi Society  17°33'03" S 149°46'34" W 0.031 2 8 Reef Islet 4 
Tiahura Society  17°29'15." S 149°54'43" W 0.101 2 14 Reef Islet 4 
Fareone Society  17°29'23" S 149°55'03" W 0.204 2 12 Reef Islet 4 
Fangataufa Tuamotu  22°13'60" S 138°44'34" W 45 2 11 Atoll 5 
Nukunonu Tokelau    9°10'05" S 171°49'02" W 5.5 2 25 Atoll 6 
Niue   19°02'51" S 169°51'43" W 260 68 32 Raised Atoll 7 
Palmyra Line Islands    5°53'02" N 162°04'38" W 2.5 2 10 Atoll 8 

  



21 
 

TABLE 1, continued 
Islands that have not been surveyed as thoroughly (n=23) 

Nihoa Hawaiian  23°03'34" N 161°55'22" W 0.700 272 5 High Island 1 
French  Hawaiian  23°45'12" N 166°11'51" W 0.250 37 8 Atoll 1 

Frigate  
Laysan Hawaiian  25°46'07" N 171°44'11" W 4.100 12 10 Atoll 1 
Midway Hawaiian  28°12'35" N 177°22'39" W 6.200 13 11 Atoll 1 
Kure  Hawaiian  28°23'37" N 178°17'44" W 320 6 5 Atoll 1 
(Ocean)  
Necker  Hawaiian  23°35'04" N 164°41'58" W 0.174 84 4 High Island 1 
Pearl &  Hawaiian  27°50'17" N 175°49'34" W 0.360 2 3 Atoll 1 

Hermes  
Niihau Hawaiian  21°54'30" N 160°09'35" W 181 381 4 High Island 1 
Fatu Hiva Marquesas  10°29'27" S 138°38'58" W 80 1125 19 High Island 9 
Hiva Oa Marquesas    9°46'20" S 139°01'13" W 315 1213 19 High Island 9 
Rarotonga Cook  21°13'40" S 159°46'26." W 67.18 2140 19 High Island 9 
Aitutaki Cook  18°52'06" S 159°47'19" W 18.05 123 14 High Island/Atoll 9 
Atiu Cook  19°59'38" S 158°06'32" W 26.93 70 10 Raised Volcanic 9 
Mangareva Gambier  23°07'06" S 134°57'54" W 18.13 441 16 High Island 9 
Mopelia Society  16°48'38" S 153°57'21" W 3.6 2 8 Atoll 9 
Mataiva Tuamotu  14°53'01" S 148°40'36" W 15 3 8 Atoll 9 
Raroia Tuamotu  16°04'44" S 142°26'00" W 22.43 2 8 Atoll 9 
Fakarava Tuamotu  16°18'03" S 145°36'22" W 16 4 7 Atoll 9 
Pitcairn Pitcairn  25°04'13" S 130°06'16" W 4.6 347 14 High Island 9 
Ducie Pitcairn  24°40'49" S 124°47'12" W 0.7 2 1 Atoll 9 
Atafu Tokelau    8°33'31" S 172°29'46" W 2.5 2 8 Atoll 6 
Fakaofo Tokelau    9°22'46" S 171°13'19" W 3 2 14 Atoll 6 
Easter   27°07'16" S 109°21'58" W 163.6 507 3 High Island 9 
______________________________________________________________________________________________________ 
Authorities: 1, list of established species in Krushelnycky et al. (2005), geographical distribution records were obtained from 
Nishida (2002) (see Morrison 2008 for some exceptions); 2, Perrault (1988); 3, Morrison (1996a); 4, Morrison (1995); 5, Perrault 
(1993); 6, Abbott et al. (2006); 7, Wetterer (2006); 8, Handler et al. (2007); 9, Morrison (1997); 10, Starr and Starr (2011, 2012). 
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TABLE 2 
 
Results of nonmetric multidimensional scaling analyses. Because NMS is not based on partitioning of variance, the coefficients of 
determination (r2) do not represent variance explained by the ordination, but rather a comparison of how well the distances between 
points in ordination space represent distances in the original n-dimensional space, and the relative contribution of each axis  
(McCune and Grace 2002). 
________________________________________________________________________________________________ 

        r2 (cumulative) 
       ________________________ 
 No. of No. of 
Dataset Samples Species Dimensions Stress Instability Iterations  Axis1 Axis 2 Axis 3 

________________________________________________________________________________________________ 
All islands  42 68 3D 10.71 < 0.00001 64 0.423 0.692 0.872 
(n=42)  
 
Thoroughly 19 68 2D   6.66 < 0.00001 59 0.665 0.890 N/A 
surveyed  
(n=19)  
 
Bora Bora 22 30 3D 10.50 < 0.00001 76 0.592 0.739 0.832 
 
Huahine 29 33 3D 10.29 < 0.00001 74 0.550 0.734 0.880 
 
Moorea 137 35 2D 19.86 < 0.00001 50 0.546 0.758 N/A 
________________________________________________________________________________________________ 
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TABLE 3 
 
Pearson correlation coefficients for island attributes and NMS ordination axes for 
Polynesian islands. For all islands (n = 42), P-values (2-tailed) of 0.05 and 0.01 are 
associated with absolute correlations of 0.304 and 0.393, respectively. For islands that 
have been thoroughly surveyed (n = 19) P-values (2-tailed) of 0.05 and 0.01 are 
associated with absolute correlations of 0.455 and 0.575, respectively. 
_________________________________________________________________ 

                All islands    Thoroughly surveyed 
  ______________________ __________________ 

Island attribute Axis 1 Axis 2 Axis 3  Axis 1 Axis 2 
_________________________________________________________________ 

Area 0.033 -0.326 0.137 -0.392 -0.186 

Elevation -0.077 -0.575 0.239 -0.668 -0.231 

Latitude 0.627 0.002 0.195 -0.532 -0.519 

Longitude -0.188 -0.183 -0.181 0.373 -0.362 
________________________________________________________________ 
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Figure 1. Map of Polynesian islands included in analyses. 
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Figure 2. Species-area relationship (top) and species-elevation relationship (bottom) for all 42 
Polynesian islands. Filled circles: relatively more thoroughly surveyed islands; open circles: 
relatively less thoroughly surveyed islands. Outliers on the species-area graph are labeled on 
both graphs (P: Palmyra; F: Fangataufa; L: Lanai). 
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Figure 3. NMS ordination biplot for all Polynesian islands, with correlation vectors (latitude and 
elevation) overlaid onto ordination space. Each vector is directional and proportional in length to 
its correlation with each of the axes. Only island attributes with a correlation > 0.5 are shown. 
Convex hull diagrams are drawn for: Northwestern Hawaiian Islands (filled squares); high 
Hawaiian islands (filled triangles); Society reef islets (open circles); high Society islands (filled 
circles); and atolls (open squares). See Table 1 for descriptions of other island types. 
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Figure 4. NMS ordination biplot for the more thoroughly surveyed Polynesian islands, with 
correlation vectors (latitude and elevation) overlaid onto ordination space. Each vector is 
directional and proportional in length to its correlation with each of the axes. Only island 
attributes with a correlation > 0.5 are shown. Convex hull diagrams are drawn for: high 
Hawaiian islands (filled triangles); high Society islands (filled circles); Society reef islets (open 
circles); and atolls (open squares).  (The orientation of the graphs in Figures 3 and 4 is arbitrary, 
and can be rotated through any degrees to allow easier viewing. Thus the different positions of 
the various island groups in Figures 3 and 4 is trivial; it is the relative position of the islands 
within each graph that is important.) 
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Figure 5. NMS ordination biplot for 26 sites on Bora Bora. Top: Axis 1 x Axis 2. Bottom: Axis 
1 x Axis 3. Convex hull diagrams are drawn for dominant species as indicated. 
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Figure 6. NMS ordination biplot for 29 sites on Huahine. Top: Axis 1 x Axis 2. Bottom: Axis 1 
x Axis 3. Convex hull diagrams are drawn for dominant species as indicated. 
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Figure 7. NMS ordination biplot for 153 sites on Moorea. Convex hull diagrams are drawn for 
dominant species as indicated. 
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